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► flfffliliiM 

Cholera toxin (CT) and its B subunit (CTB) are potent immunogens and 
Suvants that either alone or linked to protein A f s, can stimulate mucosal 

US-activated murine surface IgA spleen B cells, as a , independent ofthe 

assays, and limiting dilution analysis. The IgA "7^^^^^ cells or the clonal 
A subuni, of CT. CTB and CT did no, increase the secretory ^^^Li cell growth and 
burst size of !gA clones, and did inhibit B cel. growth, »^™f^™'° 7 on IgA L ype 
promotes IgA switching, «her !^ ~£^e «,,ed CTB- 

switching was mediated through TGF-B1 Ann 1 I* ad a 

and CT-s.imu.ated IgA isotype switching. Furthermore, ' -^"n cultures of surface IgA' 
B cells stimulated w.th CT or CTB and IL2- in up . regu l a ,es TGF-IM activity has 

immunity and oral tolerance. 
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Ig heavy chain constant region isotype switching results in the generation of Igs 
that can mediate a broad spectrum of effector functions that are optimally 
suited for the microenvironment in which they encounter Ag. This is 
particularly the case for IgA, which is the predominant Ig produced at mucosa 
surfaces IgA plays a major role in Ag binding and mucosal defense, particularly 
g^s e«co sal intraluminal pathogens. Cytokines are essential in the regulation of IgA isotype 
Sing and IgA B eel, differentiation. Thus, TOP-B! promotes ^^^^ 
IaA in murine and human B cells (1, 2, i & whereils ^ ^ IL_5 - IL '„ "i . n 5ft 7 s 
tot Variable exten, ,0 have an important ro,e in murine and human IgA B eell do—on aS.il t. 

2,10)- 

Cholera toxin (CI?, an 86-kDa en.ero.oxin produced by Vibrio choleme, consists of five B subunits : of 

5s£aSffi3SSS3SSSSSSS- 

of intracellular cAMP, increased CI' secretion, and diarrhea (14), the hallmark of chnical cholera 

is *. a potent ad JU vant. Thus, protein Ags, which themselve s are * 
enteric route, are rendered immunogenic when coadmmrstered w.hCT (15, l&^r**"" 
adjuvant effect of CT on mucosal immune responses results m marked up-regula..on of tocaT IgA 
reLonses and appears to be dependent on CD4 T cells, especially those belonging to the Th2 subset that 
Zuccs it ' and 1-5 (.7, 18). Moreover, CT is a potent mucosal immunogen and strmulates mucosal 
an" responses <£ Edition, CT in combination with IL-4 has been shown ,0 mcrease the 
IgGl response of LPS-activated spleen B cells m vitro (20). 

CTB alone can also modulate mucosal immune responses. Thus, entenc administration of CTB together 
withaproternAgmcreased — 

that were coupled to CTB were more effective than the proteins alone at mducng oral tolerance » m,ce 
(24,25). 

Several reports suggest CT and CTB can increase IgA isotype switching. Thus, CT and CTB increased 

increased the frequency of IgA-secretmg cellsm cultures of CH12.LX (surface gM (s^ H 
lymphoma cells (26, 27), and intraduodcnal administration of CT tncreased ; ^ ^ 
precursor cells in Fever's patches (28). In the studies herem, we report that CT and CTB increase , IgA 
Ltype switching a. the clonal level, independent of CTA. Moreover, CTB-stunulated IgA rsotype 
switching is mediated through TGF-R1 and requires IL-2 as a cefaclor. 
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► Materials and Methods 

Mice 

BALB/c mice (8-12 wks old) were bred and maintained in our laboratory or 
purchased from Jackson Laboratories (Bar Harbor, ME). 

Abs, cytokines, and other reagents 

Anti-Thy-1 2 mAb H013.4 (29) and anti-Lyt-2.2 mAb AD4.5 (30) were obtained from the American 
Type Culture Collection (ATCC) (Rockville, MD). Anti-CD4 (L3T4) mAb RL172.4 (31) was provided 
by M J Bevan (University of Washington, Seattle, WA). Goat anti-mouse isotype-specific Abs were 
obtained from Southern Biotechnology Associates, Inc. (Birmingham, AL). LPS from Escherichia coh 
0127 B8 was obtained from Sigma Chemical Co. (St. Louis, MO). CT, CTA, CTB, and goat anti-CTB 
Ab were obtained from List Biologic Laboratories (Campbell, CA). rCTB was provided by J. Holmgren 
(Goteborg University, Goteborg, Sweden). Soluble TGF-B1 type IIR, rabbit anti-TGF-13 Ab^ and purified 
porcine TGF-131 were obtained from R&D Systems (Minneapolis, MN). Porcine TGF-B1 differs from 
murine TGF-B1 by a single amino acid (32), but is fully active on mouse cells. TGF-Bl was reconstituted 
in 4 mM HC1 containing 1 mg/ml BSA before use. Human rIL-2 was obtained from Cellular Products 
(Buffalo, NY). 

B cell preparations and cultures 

Mouse spleen cell suspensions were prepared as previously described (5). Cell suspensions were treated 
with 0 83% ammonium chloride to lyse RBCs. T cells were depleted from cell suspensions by treatment 
with a mixture of anti-Thy-1 .2, anti-Lyt-2.2, and anti-L3T4 mAbs and low-toxicity rabbit complement 
(Accurate Chemical Co., Westbury, NY) (33). Cells were washed three times with HBSS and 
resuspended in RPMI 1640 medium supplemented with 10% FBS. B cell preparations contained >90/o 
surface Ig-expressing cells and ~ 1% residual T cells, as assessed by flow cytometry. 

To prepare surface IgA" (slgA") B cells, T cell-depleted spleenB cells (2.5 x 10 8 cells in 5 ml) were 
added to 60-mm plastic petri dishes precoated with goat anti-mouse IgA Ab (7 ug/ml), and incubated for 
70 min at 4°C (33). Flow cytometric analysis showed that the nonadherent B cell population contained 
<0.1%sIgA + cells. 

B cells were cultured in 96-well tissue culture plates (flat bottom, 0.32-cm 2 growth area) (Costar 
Cambridge MA) at 1 x 10 5 cells/well in a volume of 160 ul in RPMI 1640 medium containing 10/o FBS, 
50 uM 2-ME, 2 mM glutamine, and LPS (12.5 ug/ml). Unless indicated, other reagents were added in a 
volume of 40 ul/well 24 h after initiation of the cultures. 

Isotype-specific ELISA 

The level of specific isotypes produced in the B cell cultures were determined by ELISA as previously 
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, "K a m Tsotvoe specificity of the ELISAs was confirmed by assaying a panel of myeloma proteins 
described (5). Isotype specmcny 01 1 sensitive to Ab concentrations of 1 

containing IgGl, IgG2a, IgG2b, IgG3, IgA, and IgM. ELISAs were 

to 10 ng/ml. 

Isotype-specific enzyme linked immunospo, (ELISPOT) assays 

B cells were added to triplicate wells and incubated for 2.5 h at 37 C The plates 

Determination of IgA secretion rates 

*■ i *~a ™th T PS and 24 h later with CT and CTB in the presence of IL-2. 
slgA" B cell cultures were stimulated with LPS and 24 later 

Mer 5 days in culture, cells were harvested, washed, and the num e ^^^^ for I h in 
hv FLISPOT assay In parallel, at the end of the 5 day period, 4 x 10 cells/well were rec uitu 

Limiting dilution analysis 

Sssbssaassessss? — 

positive. 

Canons t o define the fluency of B eel, precursors .ha, ^TZ^XZT^ 
cells were based on the Poisson distribution analysis as prev,ously desenbed Q). Bnefly log 10 

calculated using data from 48 wells. 
TGF-B bioassay 
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wa s determined using a liquid scintillation -nter. VaU, ^^J,^. TGF-B activity 
active TGF-B, because latent TGF-B was not converted to ^ t ra bbit anti-TGF-B Ab 

in culture supernatants was confirmed by depleting TGF-B from supernatan 
(5 ug/ml) before bioassay. 
Quantitative RT-PCR analysis 
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CT and CTB increase IgA secretion by murine spleen B cells 

Stimulation of LPS-actrvated murine total spleen B cells ^^CIBto 
did not .gnificantly increase IgA secretion in the cultures (Table fa*. However, 

becauseC W^ " 
cells and murine B lymphoma cells (26, 27), and because (3 3 3), we assessed 

previously demonstrated that IL-2 ^^Zlt^T^^ shown ,n Table 
whether IL-2 affected IgA produdon by CT- « CI ^^ > B cell cultures leased IgA 

spleen B cells, irrespective of whether IL-2 was present (Table Is). 



View this table: 

; [in this window! 

I [In a new windowl jSf 

., * n A rTR cToA" B cells were prepared and stimulated with either 
To characterize the target cells of CT and LIB, sig secretion in 

CT or CTB, both ^ and without M e effect ,n the absence of 

IL-2-stimulated slgA' B cells by 7- and 1 8-fold, respect.v y ^ stimu i a tion was higher in 

n,2 costimuration. The relative increase m gA secret ^ ^ ^ ^ 

cultures of slgA" B cells compared with total B cells ( 1 aoie in), gg 
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n fh, cToA' R cells Furthermore, as in the total B cell cultures, CT or CTB had 
CTB were mostly among the slgA B cell * R . increased IgGl secretion by 

little effect on the IgM response, but CT and CTB in the presence 01 
1.7- to twofold in the slgA" B cell cultures (Table la). 
CT effects on IgA production are mediated by CTB but not CTA 

CT A h^n .tor no effect on IgA secretion when tested over a 5000-fold concen.ra.ton range, 

response. 



View larger version ( 24K ) : orally slightly more effec^^ 
\ [in tbis window ] ftpjleffl^ 

I [in a new window 1 lll|:|4l|ll|tl:ll IIII lt'lll ; lllJ:Illl^*11'ilI? ; llP^tlll 

CT and CTB increase .he number of IgA-secreting B cel.s but no. IgA secre.ion ra.es 

, . . lf rT rTB i„ cr eased IgA secretion by increasing the number of IgA-secreting 

sleA" B cells were cultured for 6 days in the absence or presence of CT or CTB, combined .wit 
rnu^roflgA-produ.ngcel^ 

addition of CT or CTB to B cell cultures supplemented writ ^ 2 ™ data 8 indicate that 

ceUs by 6 -to 2 0-fold,anmcrease S1 ^ 

CT and CTB act mainly to increase the number of IgA sec etmg B ct 
of IgGl- and IgM-secreting cells was not significantly altered in B cell cultures stimu 
or CTB, in the presence of IL-2 (Fig. 2a, and data not shown). 
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FIGURE 2. CT and CTB in combination with IL-2 increase the 
number of IgA-secreting cells: LPS-stimulated slgA" spleen B cells 
v^ereculruW 

Ivith^md without i lI>2 (60 5 IX5/ml)! The number oMgA-J andf ;; |i< ■ 
%Wsecrlnng cells was determined by ELTSPOT assay, ©ata are the 
means ± a SEMVsix culture! frbm 



View larger version (21K): 
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[in a new window! 



To confirm that CT and CTB did not affect IgA secretion rates in LPS-activated slgA" B cell cultures, the 
rate of IgA secretion/cell was determined after 5 days of culture by IgA ELISPOT assay and by assays of 
IgA secretion in short-term culture. Consistent with the above interpretation, calculated amounts of IgA 
secreted/cell did not increase after CT or CTB stimulation (No stimulation: 678 pg IgA secreted/cell 
during a 6-h incubation period; CT + IL-2: 307 pg/cell/6 h; CTB + IL-2: 288 pg/cell/6 h; numbers are 
means n = 2). Furthermore, the spot size in the ELISPOT assays, which we had previously found to 
correlate positively with the IgA secretion rate/cell (36), did not differ between controls and CT- or 
CTB-stimulated cells (data not shown). 

CTB increases the IgA precursor frequency 

To determine whether CT and CTB, either alone or in the presence of IL-2, increase IgA switching, 
changes in IgA precursor frequency were determined using limiting dilution analysis (3). As shown in 
Table Ito, stimulation of slgA" spleen B cells with CTB and IL-2, but not CTB or IL-2 alone, .ncreased 
the IgA precursor frequency by more than sixfold. In contrast, CTB and IL-2 did not increase the number 
of IgA-secreting cells that developed from each IgA precursor (i.e., the clonal burst size). Stimulation 
with IL-2 alone, as a control, increased the number of IgA-secreting cells per IgA precursor, but did not 
increase IgA precursor frequency, which is consistent with previously reported data (3). Thus, together 
with the findings above, these data show that CTB increases IgA switching in the presence of IL-2 but 
does not increase proliferation and secretion of IgA-committed B cells. 

" View this table: 

j [in this window! |j|^iy|2^^ 
I [in a new window! 



CTB inhibits the LPS-stimulated proliferation of slgA' B cells 

To further characterize the mechanisms that underlie the CTB-induced increase in IgA secretion, we 
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■ a *u ffl^tc nf r TR and IL-2 stimulation on B cell proliferation. As shown in Figure 3a, CTB 
by the addition of IL-2. 

FIGURE 3. CTB inhibits B cell proliferation. Cells were cultured m 

CTB ^IL-2 ! {»f The number 6fH^able:cells;was determined by^ ; 

are ^^Hllf SHUl 
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Increased IgA switching after CTB stimulation is mediated by TGF-lil 

The above data show tha, CTB increases IgA switching and inhibits B cell proliferation Th.W» 
are reminiscent of those previously reported for TGF-B1 (3), which ra,sed the poss.bd.ty that TGF-B1 
:~,he "Ls of CTB on s.gA' B cells. To test this poss,bil,y, 

cultures stimulated with either CT and IL-2 or CTB and IL-2 us.ng an anti-TGF-B Ab or soluble 
% m As h„wn in Table 1* anti-TGF-B Ab inhibited the CT- or CTB-stmula^d IgA response by 
>75% in slgA- B eel, cuUures, while an isotype-matched control Ab had no 
no. decrease basal IgA secretion in control cultures. Furthermore, addmon of so.ub e TGF-BJ ype 
Ich bind active TCF-B1 and prevent it from activating cellular receptors, markedly .nh.b,.ed the CTB- 
lt 2-activated IgA response. These data suggest the CTB-induced .ncrease .n IgA secret™ ,s 
mediated by TGF-B1. 

I [in this windowl ;*p|l#t^ 

| [in a new windowl :; % %i 'r%M % \ \ % % "t t-'i 4 \ -%\-\\V^ W.^Sk i 1" %% %% $^\%* 

Next we determined whether TGF-B1 expression and activity was increased in B cell ^cultures . stimulated 
w «h CT or CTB. combined with IL-2. Firs,, TGF-B1 mRNA levels were determined by q»*«™ 
M-PCR analysis^ CT and CTB in the presence of IL-2 increased TGF-B1 mRNA to* Bo* 
cultures by 4 -fold and 2.7-fold, respectively (Table IV B ). Next, we assayed the levels of aa.ve TGF-B1 
after CT and CTB stimulation. Becausewe ^^^^^^^ 
switching when added early during the culture period (33), 24-h supernatants trom sig 
umu.Jd with enher CT and IL-2, or CTB and IL-2, and control supernatants 
activity using the TGF-B sensitive cell line CCL64. In one expenment, supernatants from slgA B cell 
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cultures stimulated with either CT and fL-2 or CTB and H.-2 

active TGF-B respectively, whereas <50 pg/ml of TGF-B was detected ,n lL-2-st.mulated or contra, 
bioassav (i e 50 pg/ml). Nonetheless, these findings are conststent wth a role of TGF-61 n medtattng 

of TGF-producing ceUs. Additionally, active TGF-B could be ut,hzed by the TGF-B response cells 

culture. 
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The findings herein extend earlier studies on the effect of CT and CTB on 
murine Ab responses (26, 27, 28). It has been previously shown that CT or 
CTB increase numbers of IgA-producing cells among populations of 
LPS-activated Peyer's patchB cells. Also, in the case of CT, activity was 

ZZ CH12.LX W**) B lymphoma cells (27). ,n the present study, CTB has beer ,s = ,o 
promote IgA isotype switchmg of LPS-activated norma. munne spleen B 
Moreover, the effects of CTB on the IgA response are shown to be metaled by TGF-B 1 and 
dependent on IL-2 as a cofactor. 
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CTB and .-2 increased the precursor fluency of ,gA ~^^^?J%%2 
but they did no, increase the burs, size of IgA-secre„„g dor^T u CTB a d 
growth of residua, B ceils in culture that were ^-^^b,* growth, 
concentrations of CTB that significantly mcreased ^Ig A produc uon were sho ^ ^ ^ 

may be related in part to its inhibitory action on cell growth. 

. . , . ^TRonrlTT ? This observation was further connrmea oy miu wi & 

induced by CTB and IL-2. 1 oDse g ^ ^ presence of 

increased TGF-B1 mRNA transcripts in LPS-st mukted ^ CT-stimulated culture 

active TGF-B, within the range shown to be active on IgA producUon m 

supernatant, Taken together, these is not know, Based on 

promotes IgA isotype switching via TGF-B1. Nonetheless, tne + 
Lcytometncana^^ 

..i i *-rrT7 fti hut we cannot exclude the possimiuy uidi icaiuua 

activated by CT and CTB. 

The CT and CTB effect on l g A switching and ^^^^Z^ B 
lymphoma cells (26, 22). Feyer s paiui switching than those in the spleen. 

r^^e^ceoLIyadded^ 

IgA secretion. 

Ourresultshaveimpl.ca,^ 

France is induced by administering ^lltZ^ tnodels Q9). 

down-regulate systemic immune responses and to treat autotramu fc emerically 

TGF* is one of the major mediators of o£ i^^^Lid-induied colitis via the 

administered haptenized colon protems '* blt ^- 4 ' 6 ~^ Proteins coup ,ed to CTB have 

. j + . „ fTrF ri w hich was likely re eased from mucosal 1 cells [W). rroicms F 
mduction of TGF-B 1, which ^was 1 y ^ ^ fey mucQSal 

been shown to induce oral tolerance* doses ag y ^ ^ ^ &$ & 

adrogation of the protein alone ^^^^ and therefore that this is the underlying 
carrier, may prime mucosal lymphoid cells to secrete l w m, 
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mechanism responsible for the CTB effect on oral tolerance. More importantly, in the context of the 
pTsent study, secreted TGF-B1 may be involved in the concurrent IgA isotype con— that often 
accompanies oral tolerance (42, 43, 44), 

► iV ;^0SSB"l>i^'-IA i Kfl *- : -...T^.ir-r .* .-JTf - 

1 Supported by National Institutes of Health Gran. DK35108 (toMF.K.) and Basic Science Research 
Instil Program, Ministry of Education, Korea, 1995, Project No, BSRI-95-4401 (to P.-HK.). L£ .s 
«ent of a Career Development Award from theCrohn's and Colitis Foundatron of Amenca. a 

* Address correspondence and reprint requests «o Dr. Martin F. Kagnoff, »^™<°™f™ 
0623D, Universrty of California, San Diego, 9500 Oilman Dnve, La Jolla, CA 92093-0623. E-marl 

address; □ 

3 Abbreviations used in this paper: CT, cholera toxin; CTB, B subuni, of CT; CTA, A subuni, of CT; 
slgM, surface IgM, slgA, surface IgA; ELISPOT, enzyme linked rmmunospot; PBST, PBS/0.05 
Tween-20. a 

Received for publication August 14, 1997. Accepted for publicatton October 22, 1997. 



^ Abstract 
a Tntroduction 
A Materials and Methods 
a Results 
^ Discussion 
. References 



1 Coffman, R. L., D. A. Lebman, B. Shrader. 1989. Transforming growth 
factor B specifically enhances IgA production by 
lipopolysaccharide-stimulated murine B lymphocytes. J. Exp. Med. 

170 /fl?9 [Abstract! .. 
? Snnoda E R Matsumoto, Y. Hitoshi, T. Ishii, M. Sugimoto, S. Araki 

2 A To^ ^ Yamaguch,,K. Takatsu. 1989. Transforming growth factor B induces IgA 
production and acts additively with interleukin 5 for IgA production. J. Exp. Med. 

3 KimTH^fyfagnoff. 1990. Transforming growth factor Bl increases IgA isotype switching at 

4 ;±±s^ — >** ^ directs igA 

switching in hu^ 198? 5 and 

5 ^ed \ Peye's s« enhance immunoglobulin A expression. J. Immunol. 

6 sfhoX 1 ^^. McKenzie, M. F. Kagnoff. 1989. Interleukin 5 is a differentiation factor for 
IoA B cells. Eur. J. Immunol. «:9&5IMedlinel ,„ ,.|„ u 

7. Kunimoto, D. Y, R. P. Nordan, W. Strober. 1989. IL-6 . , a po,en coftctor of IL-1 m IgM 
synthesis and of IL-5 in IgA synthes^ J.^unU Koop-n. T. Hirano, T. 

induce high rate IgA secretion in IgA-comrmtted B cells. /. Exp. Med. 169 2133 Wm>M 



3/5/01 11:26 AM 



TheJI -Kimetal. 160(3): 1198 



://www jimmunol.org/cgi/content/full/ 160/3/ 1 198 



9 Briere F J M Bridon, D. Chevet, G. Souillet, F. Bienvenu, C. Guret, H. Martmez-Valdez, J. 
BanThereau 1994. Interleukin 10 induces B lymphocytes from IgA-deficient patients to secrete IgA. 

10 ^A V tsZ 7 ,^^ regulation of CI and C«2 germ-line and mature mRNA 

Snscripts in human peripheral blood B cells. J. Immunol. 153:1466.imm\ 
11. Holgren, I . 1981 . Actions of cholera toxin and the prevention and treatment of cholera. Nature 

12 Scott, M. L. Westbrook, S. Nance, B. D Spangler, G. G. SMpley E. M. 
' Westbrook. 1995. The three-dimensional crystal structure of cholera toxin. J. Mol. Biol. 

13 Hyun'c f^ff Kimmich. 1984. Interaction of cholera toxin and Escherichia coli enterotoxin 
with isolated intestinal epithelial cells. Am. J. Physiol. 247:G623.rMedhnel 

14. Spanker B D 1992. Structure and function of cholera toxin and the related Eschenchra coh 
Vipat-lahile enterotoxin Microbiol Rev. 56:622. [Abstract] 

15. mfon t^mn,. 1984. Cholera toxin feeding did 1 not induce and 
abrogated oral tolerance to an unrelated protein antigen. J. Immunol. 133.2892 

16 Wilson AD C. J. Clarke, C. R. Stokes. 1990. Whole cholera toxin and B subunit act 
^glttcally as an adjuvant for the mucosal immune response of mice to keyhole limpet 
haemocyanin. Scand. J. Immunol. 37:^3.[ Medlinel 

17 Xu-Amano J , H. Kiyono, R. J. Jackson, H. F. Staats, K. Fujihashi P. D. Burrows, C O. bison, b. 
Pillai, J. R. McGhee. 1993. Helper T cell subsets for immunoglobulin A responses: oral 
immunization with tetanus toxoid and cholera toxin as adjuvant selectively mduces Th2 cells in 
mucosa associated tissues. J. Exp. Med. 178:1309.1^^ 

is Marinaro M H F Staats T. Hiroi, R. J. Jackson, M. Coste, P. N. Boyaka, N. Okanasni, M. 
18 ' Yamamoto^.^-iyono, H. Bluethmann. ^^^^5^^" 

results from induction of T helper 2 (Th2) cells and IL-4. J. Immunol. 155. 4621. [Abjtfr|ctj 
19 Elson C O W Ending. 1984 Generalized systemic and mucosal immunity in mice after mucosal 

stimulation with cholera toxin. J. Immunol. 732:2736.[Abstractl 
20. Lycke, N., E. Severinson, W. Strober. 1990. Cholera toxin acts synergistically with IL-4 to promote 

TgGI switch differentiation. J. Immunol. 745:33./(5. [Abstract1 

21 teeTo Denis H Bazin, E. Mbongolo Mbella, J. P. Vaerman. 1992. Modulation of oral 
Snce'to ovXmin by cholera toxin and its B subunit. En, J. Immunol. 22:3179. 

22 StoT W P J van der Heijden, A. T. Bianchi. 1994. Conversion of orally induced suppression of 
the muco'sal immune response to ovalbumin into stimulation by conjugating ovalbumin to cholera 
toxin or its B subunit. Vaccine 72:527.[Medlinel 

23 Shy M W Russell. 1993. Induction of mucosal immunity by intranasal application of a 
streptococcal surface protein antigen with the cholera toxin B subunit. Infect. Immun. 

24 Sun jTfKJ k, T. Olsson, J. Holmgren, C. Czerkinsky. 1996. Treatment of experimental 
alimmu'ne encephalomyelitis by feeding myelin basic protein conjugated to cholera toxin B 

subunit. Proc. Natl. Acad. Sci. USA 93: 7796.[Abstractl . 

25 BereerotI C Ploix J Petersen, V. Moulin, C. Rask, N. Fabien, M. Lindblad, A. Mayer C. 

against spontaneous autoimmune diabetes. Proc. Natl. Acad Set. US ^ 4 46 J°.^f^^ mi 
26. Lycke, N , W. Strober. 1989. Cholera toxin promotes B cell isotype differentiation. J. Immunol. 

27 ^^fcf. M. Prowse, G. Haughton, L. W. Arnold. 1991 . Ig isotype switching in B 
JSj^lhe'd&ct ofT cell-derived interleukins, cytokines, ^.^^^ ° n 
isotype switch frequency of a cloned B cell lymphoma. Int. Immunol 3:95. [A^ractl 

28. Lebman' D. A., J. A. Fuhrman, J. J. Cebra. 1988. Intraduodenal application of cholera holotoxin 



3/5/01 11:26 AM 



29. 

30. 
31. 
32. 
33. 
34. 

35 



^ttp://www .jimmunol.org/cgi/content/full/ 1 60/3/ 1198 
The JI - Kim et al. 160 (3): 1 198 ^) 

increases the potential of clones from Peyer's patch B cells of relevant and unrelated specificities to 
secrete IsG and IgA. Reg. Immunol. 7 .32. [Medline] 

t^-^T^D^uf^m. 1980. Fractionation of lymphocyte populations with 

factor-13 Drecursor J. 5/'o/. Cftew. 267:4377.rAbstractl 

Khn P H M ^ Kagnoff . 1990. Transforming growth factor-Bl is a costimulator for IgA 

production, ^^^f F }^^ B Roberts , M . B. Sporn. 1989. Immunodetection and 
Danielpour, D , L. L. Dart, K. nanaeib, /v d. u , r secreted bv 

quantitation of the two forms of transforming growth factor-B (TGF-131 and TGF-I32) secretea oy 

cells in culture. J. Cell. Physiol. 138: 79. [Medlinel 

it u,™ t t Fierer M F Kaenoff 1996. Genetically resistant (Ity r ) and susceptible (lty ) 
" m ou"S *ow S cytokine responJfollowing infection with Salmonella duol.n. 

36 Ec" 'e ^ydSewsk* J. R. Smith, M. F. Kagnoff. ,992. Cytokine-induced 
d£en™a,t,n of Igl B cells: studies using an IgA expressing B-cell lymphoma, Immunology 

31 w'fMW Waegell H Beernink, J. R. Dasch. 1993. Transforming growth factor-li, is 
" r^Sfor of al. subclass by LPS-activated murine B cells ,n v,tro. J. Immunol. 

38 ^no'lfLW^. Grdina, A. C. Whitmore, G. Haughton. 1988. Ig isotype switching in B 
Oocytes: isolation and characterization of clonal van ant, of the murine Ly-,+ B ce,l lymphoma 
PHI 2 exoressine isotypes other than IgM. J. Immunol. 140 J355imsMSi . 

39 ™„VTTTw o£ tolerance: immune mechanisms and treatment of autoimmmune diseases. 

40 SmT.C^ D. H. Presky. W. Waegcll, W. Strobe, ,996. Expenmema, 
^nutmLscolitis in mice is abrogated by induction of TGF-B-mediated oral tolerance. J. E*p. 
Merf. /«:2«(WX»acfJ cholera toxin B subunit . an efficient transmucosal 

41 i—ogical tolerance. Proc. NaU. Acad. Sc.. 

42 Sl^^Tomasi. ,980. Systemic tolerance and secretory immunity after oral 

43 CtMF J ,99o' 0^,«— s and possible role in inflammatory join, diseases. 

44 SSuX M.— to. T. Hiroi, H. Kiyono. ,996 Role of gamma delta T ce.,s 
in {he regulation of mucosal IgA response and oral tolerance. Am. N. Y. Acad. Sc. 
77!) .5.5 fMedlinel 



13 of 14 



3/5/01 11:26 AM 



TheJI -Kimetal. 160(3): 1198 



p ; //www.jimmunol.org/cgi/content/full/ 1 60/3/ 1 1 98 



This article has been cited by other 
articles: 



Braun, NL C, He, J., Wu, C.-Y., Kelsall, B. L. (1999). 
Cholera Toxin Suppresses Interleukin (IL)-12 Production and 
IL-12 Receptor beta 1 and beta 2 Chain Expression. J. Exp. 
Med. 189: 541-552 [Abstract! [Full Text] 
Shi H. N., Grusby, M. J., Nagler-Anderson, C. (1999). 
Orally Induced Peripheral Nonresponsiveness Is Maintained 
in the Absence of Functional Thl or Th2 Cells. TheJI 162: 

Suf / B 8 IS M, Grzych, J.-M., Capron, A., Holmgren, ,., Czerkinsky C. 
^r^^^ Schistosoma mansoni ^^^^ 
Toxoid Conjugate Vaccine Evokes Antiparasitic and Antipathological Immunity in Mice. Jhe M 
163: 1Q4S-1052 [Abstract! TFu ll Text] 



► AW a r.tr.f this Article 

► Re print (PP* 1 ) Version of this Article 



Similar articles found in: 
TheJI 
PubMed 

PnhMed Citation 
This Article has been cited by: 
Search Medline for articles by: 

yjgja-H |1 KapnofF. M. F. 
Alert me when: 
new article r.ite this article 
Download to Citation Manager 



home|help|feedbackI SUBSCRIPTIONS! archive|searchItable of contents 



14 of 14 



3/5/01 11:26 AM 



